
c 

Y 

INVESTIGATION OF RECRYSTALLIZATION OF THIN FILMS 
UNDER THE EFFECT OF ELECTRON BOMBARDMENT 

A. N. Pilyankevich, V. P. Zakharov, 
and 

V. N. Chugaev 
(Institute of Problems for the Study of Materials, 

Academy of Sciences Ukrainian SSR) 

D 

NASA TT F-10,466 

Translation of "Issledovaniye rekristalizatsii tonkikh 
plenok pod vliyaniyem elektronnoy bombardirovki" Izvestia 
AN SSSR, Seriya Fizicheskaya, vol. 30, No. 5, p .  789-792, 
May 1966. 

- 
(THRU) 

(CATEGORY) (cb36 
i . .  1 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
WASHINGTON NOVEMBER 1966 



a 

1 -  
NASA TT F-1Oy46O I 

I / 
, /’ INVESTIGATION OF RECRYSTALLIZATION OF T H I N  FILMS 

UNDER THE EFFECT OF ELECTRON BOMBARDMENT 

A. N. Pi lyankevich,  V. P. Zakharov, 
and 

V. N.  Chugaev 
( I n s t i t u t e  of Problems f o r  t h e  Study of Materials, 

Academy of Sciences Ukrainian SSR) 

Comparative s tudy  of t h e  change i n  s t r u c t u r e  of t h i n  
f i lms  of germanium and s i l i c o n  exposed t o  e l e c t r o n  bombard- 
ment and thermal anneal ing.  It i s  found t h a t  t h e  temperature 
g r a d i e n t  a r i s i n g  during e l e c t r o n  i r r a d i a t i o n  and t h e  motion 
of t h e  temperature  f r o n t  due t o  t h e  thermal conduct iv i ty  of 
t h e  f i l m  r e s u l t s  i n  r e c r y s t a l l i z a t i o n  and t h e  formation of 
l a r g e  s i n g l e  c r y s t a l s  a t  thicknesses  a n  order  less than  
those  observed by G i l b e r t  e t  a l .  It i s  shown t h a t ,  i n  con- 
trast t o  prev ious ly  p r e v a i l i n g  opin ion ,  r e c r y s t a l l i z a t i o n  
can occur i n  covalent  c r y s t a l s  i n  t h e  s o l i d  phase. 

- /789* 
The paper  desc r ibes  i n v e s t i g a t i o n s  of t h e  s t r u c t u r a l  changes of germanium 

and s i l i c o n  f i lms  of a th ickness  on t h e  order  of 500 A, ob ta ined  by spraying  
i n  vacuum at a p res su re  of 1 x 10-4 mm H g ,  under e l e c t r o n  bombardment and f o r  
comparison, under t h e  e f f e c t  of thermal anneal ing performed d i r e c t l y  i n  an 
e l e c t r o n  microscope. 

I r r a d i a t i o n  w a s  performed by t h e  following procedure:  The condenser of t h e  
e l e c t r o n  microscope w a s  defocused, t h e  l imi t ing  diaphragm w a s  removed from i t ,  
then  t h e  condenser w a s  r ap id ly  refocused t o  concen t r a t e  t h e  e n t i r e  e l e c t r o n  
beam genera ted  by t h e  gun (U = 50 kv,  I = 25 P amp) onto a s m a l l  area of t h e  
f i l m ,  producing r e c r y s t a l l i z a t i o n  i n  the  l a t te r .  The process  w a s  p r a c t i c a l l y  
in s t an taneous .  It should be noted t h a t  under normal condi t ions  no changes i n  
a sample w e r e  observed f o r  exposures l a s t i n g  up t o  30 m i n .  

The i n i t i a l  sprayed f i l m  (both germanium and s i l i c o n )  is i n  a me tas t ab le  
quasiamorphous s ta te  -- i t s  g ranu la r  s t r u c t u r e  does not  appear i n  an e l e c t r o n  
microscope; e l e c t r o n  d i f f r a c t i o n  p a t t e r n s  reveal fou r  s t r o n g l y  b l u r r e d  ha los  
t o  which the fol lowing i n t e r p l a n a r  spacings may b e  a sc r ibed :  3.3, 1.8, 1.15, 
and 0.93 1 f o r  germanium, and 3.14, 1.74, 1.11, and 0.92 8, f o r  s i l i c o n .  
i r r a d i a t i o n ,  t h e  s t r u c t u r e  of t he  f i l m  changes. 

Af t e r  

For s h o r t  exposures t o  a concentrated e l e c t r o n  beam, i n  t h e  f i l m  (wi th in  
t h e  l i m i t s  of one element of t h e  support ing mesh) arise t h r e e  c l e a r l y  def ined  
reg ions  (F ig .  1 ) :  (1) a c e n t r a l  reg ion  with f i n e  e q u i a x i a l  g r a i n s ,  (2)  a n  in- 
te rmedia te  r eg ion  wi th  a c i c u l a r  and d e n d r i t i c  s i n g l e  c r y s t a l s  d i s t r i b u t e d  

*Numbers g iven  i n  the  margin i n d i c a t e  the pag ina t ion  i n  t h e  o r i g i n a l  fo re ign  
t e x t .  
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along t h e  r a d i u s  from t h e  per iphery  t o  the c e n t e r  of t h e  mesh and measuring up 
t o  lop ; a t  t h e  edge of t h i s  reg ion ,  the  s i n g l e  c r y s t a l s  are a l s o  o r i e n t e d  b u t  
are d i s t r i b u t e d  along i t s  per imeter ,  and (3)  a p e r i p h e r a l  r eg ion  i n  which t h e  
i n i t i a l  f i l m  s t r u c t u r e  remains unchanged. The e l e c t r o n  d i f f r a c t i o n  p a t t e r n  of 
such a r e c r y s t a l l i z e d  f i l m  has t h e  form of a c l e a r l y  def ined  d i f f r a c t i o n  spec- 
trum w i t h  more than  40 l i n e s .  

The proof t h a t  t h e  a c i c u l a r  formations are s i n g l e  c r y s t a l s  w a s  obtained by 1 
t h e  da rk - f i e ld  and m i c r o d i f f r a c t i o n  methods. Figure 2 shows a photomicrograph 
obta ined  by t h e  dark- f ie ld  method, i n  which an  area wi th  equal  o r i e n t a t i o n  of 
t h e  c r y s t a l l o g r a p h i c  planes w a s  i l lumina ted ,  and a low-energy e l e c t r o n  d i f f r a c -  
t i o n  p a t t e r n  obtained by mic rod i f f r ac t ion  from an a c i c u l a r  s i n g l e  c r y s t a l  (axis 
of t h e  c r y s t a l  zone [ l o l l  co inc ides  wi th  t h e  d i r e c t i o n  of t h e  e l e c t r o n  beam). 

This  type  of change i n  t h e  c r y s t a l l i n e  s t r u c t u r e  of quasi-amorphous f i lms  
can be  expla ined  i n  terms of t h e  appearance of a r a d i a l  temperature  g rad ien t  
caused by good h e a t  t r a n s f e r  over t he  mesh t o  the  massive f i l m  h o l d e r  and by 
t h e  motion of t h e  temperature f r o n t  owing t o  the  thermal conduc t iv i ty  of t h e  
f i lm.  
manium and s i l i c o n  s i n g l e  c r y s t a l s  i n  the s o l i d g h a s e .  . 

This  exp la ins  t h e  p e c u l i a r  "zone-type" mechanism of t h e  growth of ger- 

/790 
Subsequent long-term exposure of the i r r a d i a t e d  f i l m  t o  t h e  beam l eads  t o  

hea t ing  of -both the- f i lm holder  and t h e  mesh, an  i n c r e a s e  i n  temperature  of 
t h e  p e r i p h e r a l  reg ion ,  a decrease  i n  t h e  temperature  g r a d i e n t ,  and t o  t h e  for-  
mation of f i n e  equiaxi i i l  c r y s t a l s  analogous t o  those  t h a t  form i n  t h e  c e n t r a l  
r eg ion  of t h e  mesh element,  where t h e  temperature c rea t ed  a t  t h e  i n i t i a l  moment 
of i r r a d i a t i o n  exceed t h e  r e c r y s t a l l i z a t i o n  temperatures  of germanium and 
s i l i c o n  (Fig.  1,b) .  

8 

Fig. 1. Elec t ron  photomicrographs of a germanium f i lm .  1 x 1400. 
a) short-term i r r a d i a t i o n ,  b)  prolonged i r r a d i a t i o n  
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F i g .  2. a) Dark-field image of t h e  r e c r y s t a l l i z e d  area of 
a germanium f i lm .  1 x 5200. b) low-energy e l e c t r o n  d i f f r a c -  
t i o n  p a t t e r n  from an a c i c u l a r  s i n g l e  c r y s t a l  

I n  t h e  case where t h e  sprayed f i lms  are subjec ted  t o  thermal  hea t ing  d i -  
r e c t l y  i n  a n  e l e c t r o n  microscope, t h e  inc rease  i n  f i l m  temperature is  caused/791 
p r imar i ly  by t h e  thermal  conduct iv i ty  of t h e  f i l m ;  no apprec i ab le  temperature 
g r a d i e n t s  arise i n  t h e  process ,  which r e c r y s t a l l i z a t i o n  leads  t o  t h e  formation 
of i n i t i a l l y  f i n e  e q u i a x i a l  c r y s t a l s ,  t h e  s i z e  of which inc reases  later due 
t o  c o l l e c t i v e  r e c r y s t a l l i z a t i o n  (Fig.  3). 

P u b l i c a t i o n s  are known ( r e f .  l ) ,  i n  which a coarse-grain o r i en ted  s t r u c t u r e  
of t h i n  f i l m s  of some metals (Ge, B i ,  I n )  sprayed onto a g l a s s  s u b s t r a t e  w a s  ob- 
t a i n e d  by e l e c t r o n  bombardment, using a movable e l e c t r o n  beam t o  produce a 
temperature  g rad ien t .  As a r e s u l t  of solid-phase r e c r y s t a l l i z a t i o n ,  l a r g e  
s i n g l e  c r y s t a l s  formed i n  t h e  f i lms .  
red  only a t  f i l m  th icknesses  i n  excess  of 10,000 A. 

It w a s  not iged t h a t  t h i s  process  occur- 

I n  ou r  experiments,  t h e  temperature  g rad ien t  c r ea t ed  by e l e c t r o n  bombar 9, . ment and by t h e  motion of t h e  temperature f r o n t  owing t o  the  thermal  conduc- 
t i v i t y  of t h e  f i l m  l ead  t o  r e c r y s t a l l i z a t i o n  accompanied by t h e  formation of 
l a r g e  s i n g l e  c r y s t a l s  a t  f i l m  th icknesses  smaller by an order  of magnitude than  
t h e  j u s t  mentioned ones. 

I 

i 

Another i n t e r e s t i n g  f e a t u r e  of t h e  r e s u l t  ob ta ined  is t h a t ,  con t r a ry  t o  
e x i s t i n g  opin ion  according t o  which r e c r y s t a l l i z a t i o n  i n  t h e  s o l i d  phase cannot 

/ t ake  p l a c e  i n  convalent  c r y s t a l s  ( r e f .  2), i n  our tes ts ,  t h i s  process  does t a k e  
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p lace ,  as can be c l e a r l y  seen from electron-microscope observa t ions  of t h e  f i l m s  
dur ing  t h e  i r r a d i a t i o n  process .  

! '  
i 
' .  . 
, '  

. 

Fig. 3 .  R e c r y s t a l l i z a t i o n  phases in the case of thermal 
anneal ing of a sprayed germanium f i lm.  1 x 100. Anneal- 
i n g  temperature  - 300OC. 
b) 25 min, c)  35 min. 

Annealing t i m e :  a) 18 min, 

I n  conclusion w e  would l i k e  t o  no te  an i n t e r e s t i n g  p e c u l i a r i t y  of t h e  elec- 
t r o n  d i f f r a c t i o n  p a t t e r n s  of t h e  r e c r y s t a l l i z e d  f i lms .  
f r a c t i o n  l i n e s  c h a r a c t e r i s t i c  of t h e  diamond-type germanium and s i l i c o n  l a t t i c e ,  
t h e  e l e c t r o n  d i f f r a c t i o n  p a t t e r n s  reveal many l i n e s  pe r t a in ing  t o  an  f c c  l a t -  
t ice ,  which are forbidden f o r  a diamond-type l a t t i c e  by t h e  s t r u c t u r e  f a c t o r .  
These are t h e  l i n e s  wi th  t h e  i n d i c e s  ( 2 0 0 )  , ( 2 2 2 ) ,  ( 4 2 0 )  , ( 6 0 0 )  , ( 6 2 2 )  , and so 
on. Usual ly ,  germanium e l e c t r o n  d i f f r a c t i o n  p a t t e r n s  r e v e a l  only one forbidden 
l i n e  -- t h e  ( 2 2 2 )  l i n e  ( t h e  s t r o n g e s t  l i n e  i n  our  tests) ( r e f .  3 ) .  Apparently,  
t h i s  e f f e c t  can be explained i n  t e r m s  of t h e  phenomenon of m u l t i p l e  d i f f r a c t i o n  

I n  a d d i t i o n  t o  t h e  d i f -  
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i n  which case two allowed images, combining v e c t o r i a l l y  i n  an i n v e r s e  space,  
may produce a normally forbidden r e s u l t i n g  image -- f o r  example: 
[ill] + [111]-+ [ Z O O ] ;  [311] + [111]+ [200]; [331] + [ill] [420],  and s o  
f o r t h .  
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